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i3C o/ O0 to PDB, Bulk Sediment 


(Long-term) Paleogene Bulk Sediment 5 13 C Stratigraphy 


Key points: 

• Bulk sediment S 13 C 
records correlate 
across multiple sites 

• Major oscillations in 
8 13 C occur 

• Must relate to inputs 
and outputs of organic C 
to the ocean-atmosphere 
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Level 2: 1. What is the exogenic carbon cycle? 
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• Carbon in the ocean, atmosphere and biosphere 

• About 40,000 Gigatons total. Most in the deep ocean. 







Level 2: 4. What are stable carbon isotopes? 
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Level 2: 2. What is the cycling time? 


Radiocarbon Content of Deep Water 


~ 0 years 



• How long for an average carbon atom to travel through ~ 1800 years 
exogenic carbon reservoirs. On the order of 100 years. 

• Massive deep ocean the slow 
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Level 2: 5. How do stable carbon isotopes help track flow? 


IN SITU 8 13 C0 2 RECORD FROM CAPE GRIM, TASMANIA. 


Source: R.J. Franceyand C.E. Allison (CSIRO) 
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Cenozoic (Benthic c Foraminifera StaShe Isotope Compilations 
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Level 1: 3. What is the PETM? 
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• Extreme warming 

• Changes in fossils 

• Changes in carbon 
cycling 

• Changes in 
vegetation 



Mclnemey FA, Wing SL. 2011. 

Annu. Rev. Earth Planet. Sci. 39:489-516 








Level 1: 4. Where has the PETM been found? 
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• >200 locations circa 2017 

• Land and ocean sites 
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‘THeoreticaC CarSon Inputs for 
(Rgpid, CjCo6a[, Negative b 13 C Excursions 
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8. The Qas Hydrate 
( Dissociation Hypothesis 
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(BCa^e (Ridge: JifairCy wed-constrained gas hydrate system 
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Cjas Hydrate with a 5 °C Temperature Change 
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( Biotur6ation Record at Mead Stream (Mew Zeafand) 

Figure 4. Biot ur bat ion Image processing and analysis 






std. dev. std. dev, 


Chapter 10 



Dry days 



-1.5 


1920 I960 2000 2040 2080 

Year 


i — 

1880 


Global Climate Projections 



Precipitation intensity 



-1.25 -1 -0.75-0.5-0.25 0 0.25 0.5 0.75 1 1.25 


(std. dev.) 



Dry days 


[ IPCC, 2007 ] 


2 


fl. Capacitor: SimpCe iMocfeCfora §Co6aC Car6on Isotope ‘Excursion 


Masses in Gigatonnes; Fluxes in Gt/yr; Delta in per mil 


Input Exogenic Carbon Cycle 
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10. CoCCeagues Arguments Against (fas Hydrate 
< Dissociation 





The warming across the <PETM (~6°C) is too much 
fora ~ 2000-3000 gigatonne input of carSon 
[ ‘Higgins dC Schrag, 2006; Tagani et ah, 2006; 
J/Lrcher, 2007]. 


. . stratigraphic relationships . . . suggest that 
warming precedech (in part) massive input of carSon 
during the LTTM. Thus, addition ofcar6on cannot 
exp Cain all of the inferred warming. . . ” 


— (Dickens et ah, 1997 



2. CarSonate dissolution across the (FETM is too great for 
a ~ 2000-3000 (ft input ofcar6on [Zachos et ah, 2005; 
Higgins e£ Schrag, 2006; <Pagani et ah, 2006; Archer, 
2007] (Sasedupon records at Wahvis (Ridge, Atlantic). 

“Release ofCdh 4 from continental margin gas hydrate 
deposits and oxidation of a suSstantial fraction of this 
methane is a satisfactory explanation for several 
explanations that are difficult to explain 6y other 
mechanisms. These include: . . . dissolution ofcar6onate in 
pelagic sediment that is most pronounced in the 
Atlantic. ” 


- (Dickens, 2000 



Car6onate dissolution across the <PE C TM is too 
great for a ~ 2000-3000 gigatonne input ofcar6on 



Zee6e et ah, Nat. geoscience, 2008 
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3. The 6 13 C excursion across the <PETM is much greater 
than 3%o [Tagani et ah, 2006a, 6; Archer, 2007; 6Cah, 
6fah ancC 6Cah ... ] 
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‘THeoreticaC CarSon Inputs for 
(Rgpid, CjCo6a[, Negative b 13 C Excursions 
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1 1. 'Modern Cfas Hydrate (Distribution 
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12. Other Hypotheses for Car6on defease 



2ZU 





Impact of a Car6onaceous Comet 
- %ent and Codeagues (HdSL, 2003 ) 


<Dessication ofHpi-ContinentalSeas and 
Oxidation of Marine Organic Car6on 
— Higgins & Scfirag (<E(PSL, 2006) 



Level 5: 1. What about volcanoes? 
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13. Summary and 
< Progression 




(X ) 'There are no good arguments against gas hydrate 
dissociation 

(<3 ) There are no 6etter aCternative explanations for the 
car6on input 
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